We show that measurements of semi-inclusive π ± asymmetries on p and n with polarized and unpolarized target and beams allow, without any knowledge of the polarized parton densities 1) to test independent fragmentation and SU(2) symmetry for the polarized sea, and 2) to determine separately the polarized strange and valence quarks densities, and the ratio of the fragmentation functions
Introduction
Recently measurements of semi-inclusive processes with polarised and unpolarised initial beams have been performed [1, 2, 3] . New, more precise data are expected soon. The goal of these experiments is to determine better the parton distribution functions, to distiguish between the quark and antiquark contributions and to understand better the fragmentation of quarks into hadrons. One of the basic theoretical elements assumed in these studies is the factorization of the process into quark production followed by independent quark fragmentation into hadrons. We shall refer to this as independent fragmentation. Some possibilities for a test of independent fragmentation have been considered [2, 4] .
In this paper we consider π + + π − semi-inclusive deep inelastic lepton nucleon scattering with both polarized and unpolarized initial particles. We discuss different tests for independent fragmentation. Further, assuming it to be valid we formulate tests for the polarized sea and valence quark distribution functions, and for some general symmetries among them. Apart from independent fragmentation the tests formulated in this paper require no other assumptions. They are general and independent of the parametrization of the polarized quark densities and fragmentation functions. This is achieved by finding combinations of the cross sections on p and n for semi-inclusive (π + + π − ) production, both for polarized and unpolarized beams, which allow the use of the data on inclusive deep inelastic scattering (DIS) with polarized and unpolarized beam and target and thus to formulate tests that involve only directly measurable quantities. We work in the framework of the Parton Model in the current fragmentation region [5] , which implies that we consider π ± mesons produced mainly in the forward direction.
Testing independent fragmentation
Consider the sum of the cross sections for producing π + and π − in the semi-inclusive deep inelastic scattering
in both the unpolarized case, and when beam and target are longitudinally polarized.
We shall use the notatioñ
and
where P µ and l µ are the nucleon and lepton four momenta, and σ λµ refer to a lepton of helicity λ and a nucleon of helicity µ. The variables x, y, z are the usual DIS kinematic variables [4] . Assuming independent fragmentation, and using isospin and charge conjugation invariance for the fragmentation functions, i.e.
we obtain for the polarized case in lowest order of QCD:
We eliminate the s-quark contribution by the difference:
Analogously for the cross section of (π + + π − ) for the unpolarized case we have:
We again eliminate the s-quark contribution by the difference:
Then we consider the asymmetry ∆R
The l.h.s of (13) is, in principle, a function of x, z and Q 2 , but as a consequence of independent fragmentation, it should be in practice a function only of x and Q 2 .
Moreover, the r.h.s. of (13) can be expressed, without any assumptions about the sea quarks in terms of the measured quantities of inclusive DIS. Namely:
We obtain
Hence, a test of (16) would permit a test of independent fragmentation that does not require any knowledge of the parton distribution functions. The advantage as compared to previous tests of factorization with unpolarized [2] and polarized beam and targets [4] is that the r.h.s. of (13) is expressed directly in terms of measurable quantities. One can formulate also an integrated version of (16). If we define
then analogous to (16) we obtain
independent of z 1 and z 2 . In (19) we have used the Bjorken sum rule:
and Gottfried sum rule:
The value of g A /g V is determined with a very good precission g A /g V = 1.2573 ± 0.0028, and recent measurements of DIS give the following value for S G [6] :
In the following we assume independent fragmentation and formulate some methods of determining the quark densities and fragmentation functions.
Measurement of the polarized strange quark densities
One of the main uncertainties, in determining the parton distribution functions from the data on DIS scattering, is the contribution of the s-quarks. Different assumptions have been made in fitting the data [7] . Here we shall show that if we consider the asymmetries on p and n independently, we can single out the ∆s-quark contribution.
We suppose that the proton and neutron asymmetries
are known. Then, after some algebra from (14), (15), (23) and (24) we obtain expressions for both ∆s and the ratio D
in terms of measured quantities only:
The consistency of using (25) and (26) to determine ∆s/s and D
can be checked experimentally, since in (25) the l.h.s. should not depend upon z, and in (26) the l.h.s. should not depend upon x.
SU(2) symmetry for the sea quarks?
As it is well known, electromagnetic inclusive DIS cannot yield information on the sea quark (i.e. antiquark) densities, for the simple reason that only the combinations ∆q + ∆q occur in the expressions for the observables. For various reasons it is sometimes useful to parametrise separately the valence and sea-quark densities when analysing inclusive DIS. Usually, then, some simplifying assumption is made, e.g. an SU(2) or SU(3) symmetric polarized sea. Of course these assumptions cannot be tested in inclusive DIS and it is thus of interest to study the sea via semi-inclusive DIS.
We shall show how the data on the (π + + π − ) and (π + − π − ) asymmetries provide a general test of the SU(2) invariance of the polarized sea quarks. We shall not assume SU(2) invariance for the unpolarized sea. Assuming SU(2) for the polarized sea, (13) equals
On the other hand, by a slight rewriting of the results of de'Florian et al. [4] , the polarized valence quark densities can be obtained without any assumtions about the sea quarks from
It follows that if SU(2) holds for the polarized sea, then
Thus, without requiring any knowledge of the polarized densities we can test whether the polarized sea is SU(2) symmetric.
Measurements of the polarized valence quark densities
For completeness we give finally the expressions relating the polarized valence densities to the observables. We have:
In order to improve statistics one may prefer to replace the numerator and denominator in (30) and (31) by the relevant cross-section differencies integrated over some range of z.
Conclusions
It will be difficult to obtain accurate information on the various sums and differencies of π ± asymmetries in semi-inclusive DIS with both proton and neutron targets. Nevertheless very important information can be extracted. Without using any knowledge of the parton densities one can i) test factorization of the production and fragmentation of a quark, i.e. the concept of independent fragmentation, ii) determine the polarized strange quark densities ∆s and the ratio of the fragmentation functions D
, and iii) measure the valence polarization densities ∆u V /du V and ∆d V /d V . Finally, using information on the unpolarized u and d quark densities yields a test of SU(2) symmetry of the polarized sea.
